Background Retention treatment is reportedly associated with lower infection control rates than two-stage revision. However, the studies on which this presumption are based depend on comparisons of historical rather than concurrent controls. Questions/purposes We (1) asked whether the infection control rates, number of additional procedures, length of hospital stay, and treatment duration differed between implant retention and two-stage revision treatment; and
Introduction
Periprosthetic joint infection is one of the most challenging complications after TKA. Despite the use of prophylactic antibiotics and strategies such as a body exhaust system, laminar flow, and improved surgical technique, periprosthetic infection of TKA still occurs in 1% to 2% of patients [3, 10, 13, 25] .
Treatment options include chronic antibiotic suppression [10, 32] , irrigation and débridement (I/D) with component retention [6, 14, 17, 19, 22, 26] , one- [13, 28] or two-stage exchange arthroplasty [7, 12, 17, 24] , and salvage procedures such as resection arthroplasty, arthrodesis, or amputation [8, 9, 15, 18, 35] . Of these treatment options, two-stage exchange arthroplasty using an antibiotic-laden cement spacer is considered the gold standard protocol with a high rate of infection control, which ranges from 85% to 100% [7, 12, 17, 18, 24, 36] . However, two-stage revision is associated with pain and difficult mobility between stages, financial ramifications, and can cause skeletal defects and soft tissue loss resulting in possible need for a constrained prosthesis [10, 18, 24] . As a result, less extensive approaches are being attempted, and I/D with retention of the prosthesis has been considered an alternative for treatment of TKA infection [6, 14, 17, 19, 22, 26] .
Many surgeons prefer retention treatment in acute infections of less than 3-or 4-week symptom duration, although it is reportedly associated with lower infection control rates (ranging from 20% to 40% [4-6, 14, 19, 22, 26, 29, 30] ) than removal treatment. However, direct comparison of infection control rates for different treatment options is difficult because of many confounding variables such as host condition, characteristics of the microorganism, implant state, operation history, type of surgery, surgeon's ability in the various series [6, 14, 18, 23, 25, 26] , and the absence of randomized, controlled, prospective comparison studies [17, 27, 33, 36] . Other risk factors include age, gender, diabetes, implant status (primary versus revision), type of infection (early postoperative, acute hematogenous, and chronic), type of treatment (retention versus removal), and polyethylene (PE) exchange at retention treatment (yes versus no). An investigation focused on less extensive treatment protocols that could yield infection control rates comparable to twostage procedures would be valuable.
The purposes of this study were to (1) compare the infection control rates between implant retention and twostage revision treatment with particular focus on the difference in their infection control rates after initial surgical treatment and at the latest followup; (2) compare the number of additional operative procedures after initial surgical failure for infection control, total length of hospital stay, and treatment duration between the two treatment approaches; (3) identify factors that can contribute to infection control; and (4) analyze retention subgroups to assess the influence of various factors retrospective to infection control in patients who underwent retention as the initial treatment.
Patients and Methods
We retrospectively reviewed 75 patients surgically treated for 79 infected TKAs from 2002 to 2007. Primary diagnoses for the initial TKAs were osteoarthritis in 66 knees, rheumatoid arthritis in seven knees, posttraumatic osteoarthritis in four knees, osteonecrosis in one knee, and congenital dislocation of the knee in one knee. There were 36 males and 39 females, and the mean age at initial treatment for infection was 66.6 years (range, 38-87 years). Primary TKA was performed at our institution in 29 knees and elsewhere in 50 knees. Periprosthetic infection was diagnosed at our hospital for the first time in 46 knees and 33 knees were diagnosed at an outside hospital and referred to us. We defined ''postoperative infection index procedure (PIIP)'' as the first operative treatment performed at our institution for periprosthetic infection after TKA. The interval from implantation of the prosthesis to time of initial diagnosis of infection averaged 54.5 months (range, 2 weeks to 20 years). We evaluated infection control rates at two different time points: (1) after the PIIP and (2) at the latest followup. The treatment was considered a failure when infection was not controlled or recurred after PIIP or when the patient had chronic infection with ongoing treatment or was on chronic antibiotic suppression at the latest followup. Of the 75 patients, seven died of medical problems unrelated to the orthopaedic treatment within 1 year of followup. Five patients were lost to followup, and three patients received only reimplantation surgery at our institution after they were diagnosed and treated for infection at an outside hospital. After excluding those 15 patients, we were left with 60 patients (64 knees). There were 29 males and 31 females; two of each gender had bilateral TKA infections. The mean age at the time of first surgery at our hospital was 65.2 years (range, 38-85 years) and minimum followup was 12 months (mean, 36 months; range, 12-84 months). No patients were recalled specifically for this study; all data were obtained from medical records and radiographs.
Infection was diagnosed by growth of the microorganism in pre-and intraoperative joint aspirates or intraoperative periprosthetic tissue specimen in conjunction with (1) purulence surrounding the prosthesis at the time of surgery; (2) acute inflammation consistent with infection on histopathologic examination; or (3) a sinus tract or abscess communicating with the prosthesis [4, 29] . When the patient presented with infection that did not meet these criteria, however, final diagnosis was made by surgeons' clinical decision based on clinical symptoms, radiographic signs, and laboratory findings; erythrocyte sedimentation rate ([ 25 mm/hr); C-reactive protein ([ 8.0 mg/L); and joint aspirate white blood cell count ([ 2000/lL) with polymorphonuclear differential count ([ 65%) [31] . Fiftyseven of the 64 infections (89%) were microbiologically confirmed and seven (11%) were culture-negative. Organisms were considered the pathogens when grown from synovial fluid cultures or periprosthetic tissue or fluid. Additionally, patients who were bacteremic immediately before or at the time of development of periprosthetic TKA infection were also considered culture-positive. Staphylococcus aureus was the most common pathogen followed by coagulase-negative staphylococci and streptococci ( Table 1 ). Ten percent were polybacterial. Of 26 S. aureus and 18 coagulase-negative staphylococcal infections (including polybacterial), six and 10 knees were by methicillin-resistant strain, respectively.
We applied the classification of McPherson et al. [20, 21] for the host condition. There were 26 uncompromised patients (27 knees, Group A), 24 compromised patients (26 knees, Group B), and 10 significantly compromised patients (11 knees, Group C). Thirteen retention and 14 removal treatments were applied for uncompromised patients, and 19 retention and 18 removal treatments were applied for compromised (Group B and C) patients. Infection type was classified based on the clinical scenario: early postoperative, acute hematogenous, and chronic infection [27, 33] . Early postoperative infection was diagnosed when patients presented infection symptom within 4 weeks from the initial arthroplasty surgery. Acute hematogenous infections were characterized by an acute presentation of symptoms in a previously well-functioning joint arthroplasty. Chronic infections are those that had an insidious clinical course 1 month or more after the initial arthroplasty or when treatment was delayed more than 4 weeks from symptom onset in acute hematogenous infection. There were six early postoperative infections, 29 acute hematogenous, and 29 chronic infections.
As a treatment option, 32 of the 64 knees had I/D with retention of the prosthesis (retention group) and 32 knees had component removal and two-stage revision treatment (removal group). Retention treatment was chosen when the patient had presented within 4 weeks of symptom duration with no evidence of implant loosening in early postoperative or acute hematogenous infection. In patients whose symptoms were longer than 4 weeks or with signs of implant loosening, we considered two-stage revision arthroplasty as the primary treatment option. Of 29 acute hematogenous infections, 23 knees underwent retention and six knees received removal treatment. However, we could not identify rationale of removal treatment for those six acute infections. Of 29 patients with chronic infections, 26 had removal treatment and three underwent retention treatment. The general condition of one patient was compromised for extended removal treatment and two patients refused to have their implants removed and chose to undergo retention treatment. All six patients with early postoperative infections underwent retention treatment. Baseline characteristics showed differences only in the type of infection and treatment history between two groups ( Table 2 ).
In the retention group, the knee was explored, débrided, and irrigated with saline-retaining components with or without PE exchange. We tried to pinpoint when surgeons exchanged PE, but it was difficult to know the rationale for choice of nonexchange except in five arthroscopic débridements. A complete synovectomy was performed as part of débridement in all cases. The twostage procedure included removal of all components with thorough débridement, irrigation, and placement of an antibiotic-loaded cement spacer. For the spacer, 1.0 g of vancomycin and 2.4 g of tobramycin were mixed with 40 g of cement. A static spacer was inserted in 27 knees and an articulating spacer was inserted in five knees. Of five articulating spacers, four knees underwent reimplantation and one knee retained the spacer at latest followup of 37 months with no evidence of recurrent infection. Reimplantation of TKA was performed when the infection was judged under control based on clinical findings, negative aspiration results, and normalization of inflammatory markers with the same criteria as the diagnosis of infection. A frozen specimen was used for judgment of infection by consultation with the pathologist at the time of reimplantation. Our pathologic criterion of diagnosis was five neutrophils in five consecutive high-power fields. The mean time interval between stages was 4.4 months (range, 1.5-28 months). Organism-specific intravenous antibiotic therapy was administrated after PIIP for 6 weeks in both retention and removal groups. Two patients received 4 weeks of antibiotics. In one patient, the surgeon judged that the positive culture was contamination and discontinued further antibiotic treatment. The other patient was changed to oral antibiotics after 4 weeks of intravenous injection therapy, because the culture showed Haemophilus influenzae. There were two patients who received intravenous injection therapy for a total of 8 weeks. Both had adverse effects from vancomycin and were twice treated with a change of antibiotics, finally receiving 6 weeks of linezolid and cefepime treatment. We recommended patients be routinely seen in our clinic at postoperative 2 weeks, 1 to 3 months, 1 year, and then every 2 to 3 years. Wound condition and clinical knee function were evaluated as well as a plain radiographic examination, including AP, lateral, axial, and 45°flexion view. The medical records and radiographs were reviewed by an orthopaedic surgeon (HRC) not associated with the treatment. Twenty-seven of the 60 patients were not available for followup visits and in those patients, we obtained an evaluation by questionnaire letter (n = 18) or telephone interview (n = 9). The questionnaire consisted of EQ5D, UCLA activity score, and Knee Injury and Osteoarthritis Outcome Score (KOOS). We also asked if patients were taking any oral antibiotics and if they had received any further surgical treatment for the infection after their treatment at our hospital. Questionnaire letters were handled by research nurses, and the telephone interview was performed by one of authors (HRC).
We initially used the chi-square test to determine the differences in proportions for each candidate predictor variable between the retention and removal groups and their initial infection control results. We used multivariate logistic regression (backward selection) to identify independent predictors of failure after PIIP and at final evaluation with the likelihood ratio test used to assess significance and the adjusted odds ratio and 95% confidence interval for risk factors [16] . Nonparametric Mann-Whitney U test [1] was used for comparison of other parameters. Statistical analysis was performed using SPSS Version 17.0 (SPSS Inc, Chicago, IL) and two-tailed tests. The Kaplan-Meier survival method was used to estimate postoperative survival free of infection.
Results
The infection control rate was 31% in the retention group and 59% in the removal group after PIIP; patients who underwent retention had lower (p = 0.02) early infection control rates (Table 2) . These initial infection control rates improved 81% and 91% in each group, respectively, at latest followup. The estimated survival free of infection was 66% at 12 months and 80% at 24 months (Fig. 1) . According to the type of infection, two of six early postoperative infections resulted in infection control by initial retention treatment. Of 29 hematogenous infections, seven After failure of infection control by PIIP, 35 knees (22 of the retention group and 13 of the removal group) underwent additional operative procedures. In the retention group, staged revision operation (11 knees), repeated I/D (11 knees), fusion (two knees), amputation (two knees), and resection (one knee) were performed. In the removal group, staged revision (eight knees), re-revision (two knees), repeated I/D (five knees), fusion (two knees), and amputation (three knees) were performed. The average number of additional procedures was 1.7 in both groups. There was no difference in the total length of hospital stay (sum of hospital stay for PIIP and additional procedures), but the retention group showed shorter total duration of treatment (time from admission to discharge in case of infection controlled by PIIP, or time from PIIP to the last operation for infection control in case of failed PIIP) than the removal group (p = 0.04) ( Table 3) .
Multivariate logistic regression analysis identified only the type of initial procedure (PIIP) as correlated with infection control. The retention treatment clearly was associated with much lower (p = 0.02) rates of infection control than removal treatment, independent of the other 10 factors analyzed (Table 4) . A power analysis indicated the 64 knees in this study would provide 80% power for detecting a minimum 35% difference in the infection control percentages between levels of the different variables using Fisher's exact test for binomial proportions.
With the subgroup analysis for the retention group, we identified two independent predictors of failure for infection control: S. aureus infection (p = 0.03) and lack of PE exchange (p \ 0.001) ( Table 5 ). Infection control rates were higher when PE was exchanged in non-S. aureus infection than PE exchange with S. aureus and no PE exchange with or without S. aureus. Regardless of the causative organisms, lack of PE exchange resulted in poor outcome (Fig. 2) . We found no risk factor related to our latest followup results of infection control in both overall and retention subgroups.
Discussion
Although treatment results of I/D with component retention, in general, are considered less successful than twostage exchange arthroplasty for treatment of infected TKA [10, 18, 29, 34, 36] , available data for comparison of different therapeutic approaches are limited [17, 29, 30] . Therefore, we compared the infection control rates with the number of additional procedures, total length of hospital stay, and total treatment duration between these two treatment groups. We also tried to identify contributing factors for infection control and performed retention subgroup analysis to assess the influence of various factors on the result of infection control of retention treatment.
There were several limitations related to our study. First, as a retrospective analysis, we could not clarify the rationale for choosing attempted retention versus staged exchange arthroplasty and exchanging PE or not in retention treatment. A large portion of the decision-making was surgeon-dependent, which might have led to an inconsistent treatment strategy. Second, we had a short followup period. As infection can recur after followup, it is possible a few patients with short-term followup may have Fig. 1 The Kaplan-Meier survivorship curve shows estimated uncontrolled rates of infection were 47% at 6 months, 34% at 12 months, and 20% at 24 months. presented with infection at a later date leading us to understate the failure rates. Third, because our hospital was a tertiary referral center, many patients presented with complex histories related to infection or surgeries. These histories could reflect an uncontrolled negative selection bias of a single-center study and might not be generalizable to other centers. Finally, we focused our evaluation only on infection control because there was not enough information regarding patients' functionality. Without evaluation of clinical function, we could not make a clear conclusion of the effect of multiple additional operative procedures required for infection control on the final outcome. Percentages are shown in parentheses. PIIP = postoperative infection index procedure.
* Statistically significant predictor. In many reports, I/D with retention of implant has resulted in an approximately 20% to 40% of infection control or successful retention of the implant [4-6, 14, 19, 22, 26, 29, 30] , whereas two-stage exchange arthroplasty has resulted in control of infection in approximately 90% of patients [7, 12, 18, 36] . Many of these reports demonstrated treatment outcome at latest followup evaluation based on recurrence rates, which was acquired by additional surgical procedures. Schoifet and Morrey [26] reported five knees were débrided twice and three knees needed débridement three times to get their 23% success free of infection in their 31 knees. Mont et al. [22] reported that the implant was successfully retained in 83% of their patients after one to three repeated débridements, which would have been 41% if they had stopped treatment after one failed attempt ( Table 6 ). In these reports, repeated débridements were considered a unit of retention treatment, which might have overestimated the effect of retention treatment. We evaluated the results of initial surgical treatment and any type of additional surgeries was considered as failure of infection control. The infection control rate was 31% in the retention group and 59% in the removal group after this initial surgical treatment (PIIP). These control rates improved to 81% in the retention group and 91% in the removal group by average of 1.7 additional operative procedures.
We found no difference in number of additional procedures, total length of hospital stay between two treatment groups, and the treatment duration was shorter in the retention group than the removal group. These results might suggest that although early infection control rate is lower in retention treatment, the ultimate control rate could be comparable to that of removal treatment without any disadvantage in these three parameters. However, further investigation is also required to clarify the meaning of final infection control rates related to additional procedures since there were various unknowns such as change of host condition and complexity of additional procedures after failed PIIP.
Of the many factors that should be considered in treating periprosthetic joint infection, duration of symptoms has been suggested as the most important, affecting results of retention treatment [4, 5, 19, 29] . Many investigators suggested a wide range of cutoffs for successful acute phase treatment from 2 days to 6 weeks [4, 5, 11, 14, 17, 19, 22, 29, 30, 33] . In the present study, we arbitrarily defined acute phase treatment as the treatment performed within 4 weeks of symptoms because most algorithms suggested 3 to 4 weeks as an acute onset [20, 21, 33, 34, 36] . Based on this time criteria, we classified infection into three types. For most infection of acute phase (early postoperative and acute hematogenous infection), retention treatment was performed and for most of chronic phase infection (chronic infection), removal treatment was applied. There was no association between type of infection and infection control rates.
In the retention subgroup analysis, we identified two predictors for failure of infection control: S. aureus infection and PE nonexchange. Considering its impact as a principal pathogen with frequent antibiotic resistance, identification of the causative organism remains critically important [6, 29, 33] . However, the dilemma regarding the identification of the organism is that delay in treatment is not feasible until the aspiration culture results return in the acute phase. Furthermore, in seven of 64 patients (11%), organisms could not be identified, which was similar to the incidence of 5% to 11% in the literature [2, 17, 19, 25, 36] . Although the identification of the causative organism(s) is an important factor, it may not always be able to guide surgical strategy. PE exchange is usually recommended as a part of thorough débridement [6, 18] . It can be a factor related to treatment results [6] , but it is not always performed [19] . In our study, PE was not changed in 13 of 32 cases resulting in a poor infection control rate.
In summary, half of infections after TKA were managed by initial retention treatment. Although infection control rate of initial retention treatment was substantially lower than that of removal treatment, the final infection control rate was comparable at the latest followup by additional operative procedures. Retention treatment should be restrictively considered in non-S. aureus infection, and when it is applied in selected patients, a PE insert exchange should be performed. Further investigation for relation between additional procedures after initial failure and final infection control rate is necessary. 
